Interferon in Mice: Protection against Small Doses of Virus
(Accepted 14 April 1967)
Whether interferon has any place in medicine remains to be determined, but it can undoubtedly protect animals against experimental virus infections(x). In previous studies from this laboratory (2, 3) mouse interferon was shown to protect mice against Semliki Forest virus, a highly mouse-virulent arbovirus. It was, however, necessary to inject comparatively large amounts of interferon before or at the same time as the virus, and injections given even 7 hr after the virus had only a marginal effect (3) . In most of these experiments usually IOO or more lethal doses of virus per mouse were deliberately used, so that most or all of the interferon-treated mice died, as well as all the controls. Effects of interferon treatments could then be assessed by an efficient method of statistical analysis, based on the survival times of the individual mice. But such large doses of virus are quite unrealistic in terms of the outcome of natural virus infections of animals and man, where an overall mortality of even 30 % is an extreme occurrence. Further protection experiments were therefore made with smaller doses of virus. The results are reported here. While they could generally have been predicted from the earlier experiments, there were two findings of particular interest. First, remarkably small amounts of interferon were found to be highly active in vivo. Secondly, interferon was still effective when administered to mice a considerable time after they had been infected with Semliki Forest virus.
The interferon and control preparations, viruses, mice, etc., used were described previously (2, 3) . Comparatively large groups of mice (30 to 60) were needed for statistically valid results, since effects of treatments had to be assessed from the relative numbers surviving in treated and control groups. The same dilution made from frozen aliquots of the same virus seed was injected intraperitoneally in all the experiments to challenge the mice. Mice in which symptoms develop after inoculation of this virus normally die within a few hours. With the dose of virus used, 214 control mice died out of 380 in ten experiments, an overall mortality of 56 %. At various times before or after infection, mice were inoculated with interferon or control material (0.2 ml. intravenously, or 0.2 ml. intramuscularly), diluted appropriately in Eagle's saline. The numbers of mice dying in the different groups during the 15 days after infection were recorded. With an effective treatment, significantly more mice survived infection than in the control group, results being evaluated statistically by means of 2 × 2 contingency tables (4). Two or three replicate experiments were performed with each dose of interferon and challenge virus, and comparable results were obtained (Tables I to 3) . Table I shows that as little as 125 units of interferon were effective prophylactically, and when given by either the intramuscular or intravenous route. Some protection was obtained with 25 units in one experiment, but a statistically significant effect was not usually observed with such small doses.
In other experiments similar to those shown in Table 2 , mice were also found to be protected against virus challenge for 4 to 5 days after a dose of 5000 units of interferon.
Short communications
The effect of interferon given intravenously 18 hr after infection is shown in Table 3 . Significant protection was obtained even with 125o units.
The results emphasize the great potency of interferon as an antiviral agent, even in vivo. Discussion is complicated by the fact that units of interferon are still arbitrarily defined by individual workers; even with interferon from a single animal species, comparison of data from different laboratories is only possible if the workers concerned have correlated their units. There are, however, some criteria by which the -(controls) 9 --125o 17 0"5 biological significance of a stated amount of mouse interferon can be assessed. The total amount of interferon formed in the body of a mouse during the viraemia following various intraperitoneal or intracerebral infections was estimated as I0O,O0O units or more (5); exchange of samples between laboratories has established that this corresponds to 75o,ooo of the units used in the present study. Finter (6) found that the average content of interferon in the brain of a mouse infected with West Nile virus was 17,ooo units. Thus in relation to the total amount of interferon which a mouse is potentially capable of forming, or the actual amount found in an organ during a virus, infection, the marked prophylactic effect observed in the present study with as little as 125 units of interferon is quite remarkable. It should be noted that this amount represents less than I ml. of tissue culture fluid from mouse cells infected in vitro (6) .
A second point of interest is the period after virus infection during which injections of interferon were still effective. Other workers have reported that interferon only protected animals treated before or at the same time as infection (7, 8) ; in previous experiments, (3), interferon had only a marginal effect when given to mice 7 hr after IOO lethal doses of Semliki Forest virus, in the present experiments, many mice were still completely protected when interferon was injected I8 hr after the virus. In theory interferon should still be effective much later after infection, if a sufficient concentration could be brought into contact with the brain cells themselves. This could not be shown experimentally, probably for quantitative reasons. Only 0"o3 ml., equivalent to about Iooo units of the best interferon preparations available, can be injected into the brain of a mouse, and most of this is promptly lost into the blood following rupture of the arachnoid villi (9) . When mice were infected with a dose of Semliki Forest virus which ultimately killed 4o % of the controls, and were inoculated intracerebrally 42 hr later with 8o0 units of interferon, there was no increase in the number surviving. 
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